. The goal of the current review is to illustrate how animal laboratory research can be used to elucidate the biobehavioral mechanisms underlying the adverse effects of social conflict on disease vulnerability. This vulnera bility may have implications for understanding the health-compromising effects of domestic violence and traumatic stress in humans. We focus our review on studies demonstrating that social conflict exacerbates an animal model of central nervous system (CNS) infection and autoimmunity. These studies provide evidence that the deleterious effects of social conflict are partially mediated by stress-induced changes in proinflammatory cytokine levels. We also show that these adverse effects can be prevented by blocking stress-induced increases in cytokine activity, a finding that may have implications for preventing or reversing the negative effects of social conflict on negative health outcomes in humans.
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BACKGROUND
Clinical and animal studies suggest that stressful life events and inflammation exacerbate a range of neurodegenerative diseases, including Alzheimer's disease, Parkinson's disease, and multiple sclerosis (MS) (Ackerman et al., 2002; Backer, 2000; Grant et al., 1989; Matyszak, 1998; McGeer & McGeer, 1995; MeiTal, Meyerowitz, & Engel, 1970; Mohr et al., 2000; Mohr, Hart, Julian, Cox, & Pelletier, 2004; Rabin, 2002; Warren, Greenhill, & Warren, 1982; Warren, Warren, & Cockerill, 1991; Wilson et al., 2003) . Stress appears to have bidirectional effects on the immune system depending on whether it is acute or chronic. Acute stress appears to protect the organism by enhancing innate and cellular immunity and by facilitating trafficking of immune cells to the site of challenge (Campisi & Fleshner, 2003; Hermann, Beck, & Sheridan, 1995) . In contrast, chronic stress has been demonstrated to impair the function of the immune system. An increased susceptibility to influenza virus infection, reactivation of latent herpes virus, and Theiler's virus infection provide compelling evidence linking chronic stress with the onset and progression of infectious diseases (T. Campbell et al., 2001; Dobbs, Vasquez, Glaser, & Sheridan, 1993 ; R. R. Johnson et al., 2004 ; R. R. Johnson et al., 2006; Padgett et al., 1998; Sheridan et al., 1998; Sieve et al., 2004; Sieve et al., 2006) . A growing body of evidence suggests that stressful life events are associated with inflammatory disease onset and exacerbations in MS patients (Ackerman et al., 2002 (Ackerman et al., , 2003 Grant et al., 1989; Mei-Tal et al., 1970; Mohr et al., 2000; Mohr et al., 2004; Warren et al., 1982; ) and in animal models of MS (Dowdell, Gienapp, Stuckman, Wardrop, & Whitacre, 1999 ; R. R. Johnson et al., 2004 ; R. R. Johnson et al., 2006; Meagher 2006a Meagher , 2006b Sieve et al., 2004; Sieve et al., 2006; Welsh, Mi, et al., 2006; Whitacre, Dowdell, & Griffin, 1998) . By investigating the impact of chronic social stress and inflammation in one disease model we hope to increase our understanding of how stress alters other neurodegenerative inflammatory diseases.
MS is an inflammatory autoimmune demyelinating disease of the CNS that affects approximately 1 in 350,000 in the U.S. population (Sospedra & Martin, 2005) . Clinical symptoms consist of sensory and motor deficits associated with CNS inflammation and degeneration of the myelin sheath that surround the axons of neurons. Common MS symptoms include loss of sensory or motor function of the limbs, loss of bowel or bladder control, vision problems, fatigue, depression, and pain. Although the etiology of MS is uncertain, research indicates that several environmental factors interact with genetic factors to cause disease. Potential environmental risk factors include viral infection and stress (Sospedra & Martin, 2005) . Thus, stress may interact with infection and genetic vulnerability to determine who develops demyelinating disease.
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KEY POINTS OF THE RESEARCH REVIEW
• Social conflict exacerbates a virally initiated animal model of multiple sclerosis (MS), resulting in more severe sickness behaviors, motor impairment, disruption of viral clearance, and increased inflammation in the brain and spinal cord.
• Exposure to social conflict alone results in an increase in a pro-inflammatory cytokine, interleukin-6 (IL-6), in the brain and in circulating blood.
• The adverse health effects of social conflict on
Theiler's murine encephalomyelitis virus (TMEV) infection can be prevented by blocking stressinduced increases of IL-6 during the stress exposure period. This suggests that the deleterious effects of social conflict are partially mediated by stress-induced increases of IL-6 in the brain.
• The later finding suggests that interventions designed to prevent or reverse the stress-induced increases in IL-6 may be able to prevent or reverse some of the negative health effects of social conflict in humans.
Human and animal research suggests that viral infection is a likely environmental trigger of MS (Challoner et al., 1995; Gilden, 2005; Sospedra & Martin, 2005) . Epidemiological studies indicate that adolescent exposure to certain viruses (e.g., Epstein-Barr, measles, mumps, herpes simplex 6) is associated with later development of MS (Acheson, 1977; Gilden, 2005; Hernan, Zhang, Lipworth, Olek, & Ascherio, 2001; Kurtzke & Hyllested, 1987; Sospedra & Martin, 2005) . Although no single viral culprit has been found, it is plausible that several viruses may be capable of initiating and/or aggravating the autoimmune processes leading to MS (Gilden, 2005; Levin et al., 2003; Moore & Wolfson, 2002; Sospedra & Martin, 2005) . Indeed, several viruses have been shown to initiate demyelinating diseases in humans (R. T. Johnson, 1994; Soldan & Jacobson, 2001 ) and animals (Dal Canto & Rabinowitz, 1982; R. T. Johnson, 1994; Soldan & Jacobson, 2001 ). Although it is generally agreed that Theiler's murine encephalomyelitis virus (TMEV) infection provides the best-characterized animal model of virus-induced CNS demyelination (Oleszak, Chang, Friedman, Katsetos, & Platsoucas, 2004; Sospedra & Martin, 2005; Theiler, 1934; Welsh, Tonks, Borrow, & Nash, 1990) , several other viruses have been shown to induce demyelination in animals (Dal Canto & Rabinowitz, 1982) . After establishing a persistent infection, all of these viruses trigger either virus-induced and/or autoimmune-mediated demyelination (Olson, Ludovic Croxford, & Miller, 2004; Sospedra & Martin, 2005) .
Considerable evidence suggests that stress can alter vulnerability to infectious and autoimmune disease (Ackerman et al., 2002; Chida, Sudo, & Kubo, 2005; Dowdell et al., 1999; McEwen et al., 1997; Meagher et al., 2006a Meagher et al., , 2006b Mohr et al., 2000; Sheridan et al., 1998; Sieve et al., 2004; Welsh, Mi, et al., 2006) . When a stressful event is perceived, the brain activates two primary outflow pathways that alter immune function: the hypothalamic-pituitaryadrenal (HPA) axis and the sympathetic-adrenalmedullary system. Activation of the HPA axis results in the release of glucocorticoids (e.g., cortisol in humans and corticosterone in mice) from the adrenal cortex. When glucocorticoids bind to receptors on immune cells, they normally decrease gene transcription for pro-inflammatory cytokines, thereby decreasing inflammation. This mechanism is thought to account for the immunosuppressive effects of glucocorticoids (Adcock, Ito, & Barnes, 2004) . In addition, activation of the sympathetic system results in the release of norepinephrine from sympathetic neurons, while also triggering the release of norepinephrine and epinephrine from the adrenal medulla into circulation. Recent evidence suggests that norepinephrine may play an important role in the induction of stress-induced pro-inflammatory cytokines within CNS and peripheral circulation (Blandino, Barnum, & Deak, 2006; J. D. Johnson et al., 2005) . Virtually every immune organ is innervated by sympathetic fibers; however, the density and distribution of innervation varies between organs. Likewise, immune cells have receptors for one or more of these stress hormones or neurotransmitters, thereby allowing stress responding to exert regulatory control over immune function.
A growing body of research suggests that communication between the CNS and immune system is bidirectional in nature. For example, the immune system is able to alter the func tioning of the CNS through the release of proinflammatory cytokines (Dantzer, 2001; Maier & Watkins, 1998) . Cytokines, such as interleukins, are regulatory proteins that are released by cells of the immune system. They not only act as intercellular messengers to alter inflammation and immunity but also can influence CNS function and behavior (Maier & Watkins, 1998; Watkins & Maier, 2000) . For example, proinflammatory cytokine expression increases in the brain and in the periphery following immune challenge or exposure to stress. Following peripheral immune challenge, proinflammatory cytokines bind to the vagus nerve and cause the release of cytokines in the brain (Maier & Watkins, 1998) . A variety of stressors have also been shown to increase circulating and central levels of pro-inflammatory cytokines, such as interleukin-1ß (IL-1ß) and interleukin-6 (IL-6) (Huang, Takaki, & Arimura, 1997; LeMay, Otterness, Vander, & Kluger, 1990; Maes, 2001; Shizuya et al., 1998; Steptoe, Willemsen, Owen, Flower, & Mohamed-Ali, 2001; Takaki, Huang, SomogyvariVigh, & Arimura, 1994; Zhou, Kusnecov, Shurin, DePaoli, & Rabin, 1996) . Within the CNS, IL-ß? also regulates the stress response by binding to hippocampal receptors that turn off the HPA axis as part of a negative feedback loop (Watkins, Maier, & Goehler, 1995) . In contrast, IL-6 can activate the HPA axis by binding to receptors in the hypothalamus and pituitary during either an immune or stress response (Bethin, Vogt, & Muglia, 2000) . It is interesting to note that proinflammatory cytokines have been shown to mediate the sickness syndrome observed following infection and stress (Bluthe, Michaud, Poli, & Dantzer, 2000; Dantzer, 2001; Maier & Watkins, 1998; Watkins & Maier, 2000) . Sickness syndrome includes a range of behavioral and physiological changes that have evolved to conserve metabolic resources during periods of challenge, including loss of appetite and consequent weight loss, decreased behavioral activity, loss of interest in pleasurable activities (anhedonia), and enhanced pain sensitivity (hyperalgesia and allodynia).
We propose that stress may be an important cofactor that interacts with viral infection to determine vulnerability to diseases such as MS. Support for this hypothesis is provided by human and animal research. MS patients frequently report elevated levels of stress prior to initial diagnosis and/or disease exacerbation (Ackerman et al., 2002; Grant et al., 1989; MeiTal et al., 1970; Mohr et al., 2000; Mohr et al., 2004; Mohr & Pelletier, 2005; Rabin, 2002; Warren et al., 1982; Warren et al., 1991) . A recent meta-analysis conducted on 14 studies investigating the impact of stressful life events on MS exacerbation found that stress significantly increased the risk of disease exacerbation (Mohr et al., 2004) . Although the effect size for stress was modest (d = .53), it is comparable to the effect size for common pharmacological treatments for MS (e.g., Filippini et al., 2003) . Of the 14 studies, 13 measured common stressful life events, primarily social stressors.
Although the retrospective designs used in human studies are subject to bias, animal studies using prospective designs indicate that prior exposure to stress exacerbates disease course. For example, our laboratory has shown that chronic exposure to confinement stress exacerbated the early, acute phase of TMEV infection (T. Campbell et al., 2001; Mi et al., 2004; Mi et al., 2006; Sieve et al., 2004) and that this resulted in a more severe chronic demyelinating phase of disease Sieve et al., 2006; Welsh, Mi, et al., 2006) . Other laboratories have shown that confinement stress exacerbates another animal model of MS, experimental allergic encephalomyelitis (EAE) (Dowdell et al., 1999; Whitacre et al., 1998) . Animal experiments are advantageous because the stressor can be experimentally manipulated and its impact on disease course can be quantified using objective behavioral and physiological markers of disease course. In addition, animal studies can identify the biobehavioral mechanisms that mediate the adverse effects of social stress on disease. In the following sections, we review evidence that social conflict can alter immune function and TMEV disease vulnerability.
INVESTIGATING THE EFFECTS OF SOCIAL CONFLICT ON THEILER'S VIRUS INFECTION
Our laboratory uses a mouse model of MS, TMEV, to investigate the impact of social conflict on disease course. TMEV is a natural pathogen of mice that induces an acute infection of the CNS followed by MS-like disease (Lipton, 1975; Oleszak et al., 2004) . During the acute phase of infection (first month) the virus infects neurons and glia cells causing CNS inflammation, hind limb motor impairment, and sickness behaviors. During the chronic phase (3 to 8 months postinfection [pi] ) the virus infects glia cells (microglia, astrocytes, oligodendrocytes) and infiltrating macrophages and triggers an autoimmune response. This autoimmune response damages the myelin sheath surrounding neurons and increases CNS inflammation, resulting in pronounced motor impairment and sickness behaviors.
The early immune events occurring during TMEV infection are crucial in the effective clearance of the virus from the CNS (Aubert, Chamorro, & Brahic, 1987) . Failure to clear the virus results in persistent infection of the CNS and subsequent autoimmune mediated demyelination (Brahic, Stroop, & Baringer, 1981; Rodriguez, Pavelko, Njenga, Logan, & Wettstein, 1996) . Innate cytokine responses to infection play an important role in shaping downstream innate and adaptive immune responses to infection (Biron, 1998) . For example, the cytokine interferon-beta (IFN-ß) plays a pivotal role in the early immune response to TMEV (Fiette et al., 1995) . In addition, natural killer (NK) cells and CD8+ and CD4+ T cells, which are activated early in infection, play an important role in viral clearance from the CNS (Borrow, Tonks, Welsh, & Nash, 1992; Dethlefs, Brahic, & Larsson-Sciard, 1997; Kaminsky, Nakamura, & Cudkowicz, 1987; Murray, Pavelko, Leibowitz, Lin, & Rodriguez, 1998; Welsh, Tonks, Nash, & Blakemore, 1987) . During chronic disease, CD4+ and CD8+ T cell subsets contribute to demyelination (Clatch, Lipton, & Miller, 1987; Rodriguez & Sriram, 1988; Welsh, Blakemore, Tonks, Borrow, & Nash, 1989) .
To investigate the impact of social conflict on TMEV infection, our laboratory uses a social disruption (SDR) model. In this model, three young male mice are housed together for several weeks. After establishing a stable social hierarchy, an older aggressive male intruder is introduced into the residence for a 2-hr session. The dominant intruder engages in observable aggressive behaviors (e.g., posturing, fighting, wounding, and pursuit) resulting in submissive behaviors and social defeat in the younger resident mice. This procedure is repeated for the three consecutive nightly 2-hr sessions, one night off, followed by an additional three nightly sessions. A new intruder was used for each session.
Several studies suggest that social conflict has profound effects on neuroendocrine and immune function ; R. R. Johnson et al., 2004; Meagher et al., 2006a Meagher et al., , 2006b Padgett et al., 1998; Quan et al., 2001 ). For example, social conflict has been shown to produce an increase in circulating levels of the stress hormones corticosterone , while also increasing susceptibility to influenza virus infection and endotoxin challenge in mice Padgett et al., 1998; Quan et al., 2001) . Social conflict also induces a phenomenon known as glucocorticoid (GC) resistance ; R. R. Johnson et al., 2004; Quan et al., 2001) . GC resistance refers to a decrease in the immune system's capacity to respond to the inhibitory effects of corticosterone in terminating inflammatory responses. Given the important role that endogenous GCs play in immune regulation, a reduction in tissue sensitivity to GCs induced by chronic social conflict could be one mechanism that increases vulnerability to infectious and autoimmune diseases.
Stressor exposure has also been shown to intensely activate central noradrenegeric neurons (Greenwood et al., 2003) , which may provide another potential mechanism though which social stress exacerbates inflammatory disorders such as MS. Indeed, recent evidence suggests that norepinephrine contributes to stress-induced increases in pro-inflammatory cytokines within CNS (Blandino et al. 2006 ; J. D. Johnson et al., 2005) . Thus, norepinephrine release during social conflict may be an important mediator of disease onset and exacerbation in MS by increasing the expression of central pro-inflammatory cytokines.
To begin to investigate this issue, we conducted a series of experiments to examine the impact of social conflict on acute and chronic TMEV infection. We hypothesized that exposure to social conflict prior to infection would induce GC resistance, resulting in increased CNS inflammation, increased viral loads, and increased behavioral signs of acute infection compared to nonstressed infected mice. To test this hypothesis, mice received either six sessions of SDR one week prior to infection while the nonstressed mice remained undisturbed in their home cage. After the last SDR session, the SDR and nonstressed mice were infected with TMEV. Thereafter, the mice were periodically assessed for the development of behavioral signs of motor impairment and illness behavior before being sacrificed at days 7 or 21 pi. Using a behavioral scoring system that measured the natural progression of motor impairment during TMEV infection, trained observers blind to experimental condition scored the level of hind limb impairment. In addition, footprint stride length and grid hang latencies were also measured to assess TMEV-induced changes in gait and strength, respectively.
Impact of Social Conflict on Acute CNS Infection
To examine the physiological impact of social conflict on acute TMEV infection we assessed histological levels of inflammation and viral load in the CNS on days 7 and 21 pi. For one half of the mice in each condition, brains and spinal cords were sectioned and stained with hematoxylin and eosin. These sections were then scored for markers of inflammation, including perivascular cuffing (accumulation of lymphocytes and macrophages around blood vessels), meningitis (accumulation of lymphocytes and macrophages in the meninges), and microgliosis (presence of increased microglia/macrophages within the parenchyma of the brain and spinal cord). To determine whether social conflict disrupted the normal process of CNS viral clearance, we measured viral load at days 7 and 21 pi. In the nonstressed infected mice, we expected that viral load would be elevated on day 7 pi followed by a reduction on day 21 pi, as the immune system normally clears the virus to nondetectable levels by the end of the first month of infection (Welsh et al., 1987 ). In contrast, we expected that social conflict would disrupt viral clearance.
The top portion of Table 1 summarizes the effects of social conflict on acute TMEV infection. Mice exposed to repeated social conflict the week prior to infection developed more severe behavioral and physiological manifestations of TMEV infection compared to the nonstressed infected control group. Social conflict resulted in greater levels of motor impairment, as indicated by greater hind limb impairment scores, reduced stride length, and reduced grid hang time. Histological analyses of spinal cord and brain revealed that mice exposed to social conflict developed higher levels of inflammation, with the most pronounced increases in inflammation occurring in spinal cord at day 21 pi. Social conflict was also found to alter viral load in CNS on days 7 and 21 pi. As anticipated, a reduction in viral load was observed in the nonstressed infected mice over time, suggesting that these mice were clearing the virus to low levels. In contrast, viral load remained elevated over time in mice previously exposed to social conflict. This finding is important because disruption of the viral clearance process during the acute phase of TMEV infection appears to increase the risk of developing the chronic demyelinating phase. Collectively, these results suggest that exposure to social stress prior to infection exacerbates early disease course relative to the nonstressed infected mice.
Social Stress, GC Resistance, and Exacerbation of Acute TMEV
We propose that exposure to social conflict may lead to the development of GC resistance during the stress exposure period, resulting in increased CNS inflammation and motor impairment pi. Consistent with prior SDR studies conducted using a different strain of mouse (C57BL/6 mice; Avitsur et al., 2001; 6 TRAUMA, VIOLENCE, & ABUSE / Month XXXX 2001), we found that social conflict increased circulating levels of corticosterone and induced GC resistance in the uninfected Balbc/J strain of mouse when they were uninfected (R. R. Johnson et al., 2004; Meagher et al., in press ). Normally, social stress-induced increases in corticosterone would be expected to decrease inflammation. However, the development of GC resistance in the SDR mice prior to infection would be expected to amplify the CNS inflammatory response during TMEV infection, potentially altering the timing and nature of the innate and specific immune response to early infection. Supporting this view, social conflict resulted in increased CNS inflammation and more severe behavioral signs of infection. These findings suggest that the induction of GC resistance by social conflict may be one factor that increases the severity of CNS inflammatory responses to TMEV immune challenge. Similar to mice, recent evidence suggests that humans who experience chronic social stressors develop GC resistance. For example, GC resistance is seen in the parents of children undergoing treatment for cancer (Miller, Cohen, & Ritchey, 2002; Raison & Miller, 2003) . These parents reported higher levels of psychological distress and had flatter diurnal cortisol rhythms compared to the parents of healthy children. Moreover, their immune systems showed reduced sensitivity to the anti-inflammatory action of a synthetic glucocorticoid, dexamethasone. Specifically, the capacity of dexamethasone to inhibit in vitro production of pro-inflammatory cytokine IL-6 was suppressed among the parents of cancer patients compared to parents of healthy children. It is important to note that Mohr suggested that the link between stress and MS may be attributable to the development of GC resistance (Mohr & Pelletier, 2006) . A few studies suggest that the immune cells of MS patients are less sensitive to the regulatory effects of GC when compared to healthy controls (DeRijk, Eskandari, & Sternberg, 2004; Stefferl et al., 2001; van Winsen et al., 2005) . GC resistance has also been observed in other inflammatory and autoimmune diseases (i.e., lupus, rheumatoid arthritis, asthma, Crohn's disease, ulcerative colitis) and is thought to contribute to disease pathogenesis. In light of the critical role that endogenous GCs play in immune regulation, a reduction in tissue sensitivity to GCs induced by chronic social stress could be one mechanism that increases vulnerability to infectious and autoimmune diseases in humans.
Taken together, the finding that social conflict exacerbates acute TMEV infection is significant in light of epidemiological evidence suggesting that MS may be triggered by viral infection (Acheson, 1977; Kurtzke, 1993) . We propose that systemic conditions (e.g., GC resistances, sympathetic activation, suppressed antiviral immunity) at the time of infection play an important role in modulating immune processes leading to the development of MS. Indeed, social conflict may have cascading adverse effects that subsequently alter later autoimmune phase of disease.
Impact of Social Conflict on Chronic TMEV Infection
We recently examined whether exposure to social conflict prior to infection alters the development of the later autoimmune phase of disease (R. R. Johnson et al., 2006) . Using a longitudinal design, mice were exposed to either SDR or no-stress conditions prior to TMEV infection and monitored for the development of behavioral and physiological indicators of acute and chronic disease. During the acute phase of disease, mice were examined several times each week for behavioral signs of infection and bled on day 9 pi to assess circulat ing levels of the pro-inflammatory cytokine IL-6. After the resolution of the acute phase (4 weeks), mice were monitored monthly until they exhibited behavioral signs of the chronic disease. Thereafter, behavioral measures were taken each week to carefully track the development of chronic phase disease. To assess the impact of social conflict on the development of autoimmunity, blood samples were taken each month to measure levels of circulating antibodies to TMEV and several myelin components (myelin basic protein [MBP] , myelin oligodendrocyte glycoprotein peptide [MOG] and proteolipid protein peptide [PLP]). Table 1 summarizes the effects of social conflict during the acute and chronic phase of TMEV infection. Replicating and extending our prior research, social conflict was found to exacerbate the acute and chronic phases of TMEV infection. Consistent with previous studies, the SDR mice developed more severe behavioral signs of acute infection, including hind limb impairment, reduced stride length, and reduced spontaneous locomotor activity compared to nonstressed mice. During the chronic phase of disease, the SDR mice also developed earlier disease onset and more severe behavioral signs of chronic disease, including hind limb impairment, impaired motor coordination on the rotarod, reduced stride length, reduced spontaneous locomotor activity, impaired inclined plane performance, and reduced sensitivity to mechanical stimulation, which may reflect either a loss of sensation or motor impairment.
Several acute phase behavioral and immunological measures predicted disease severity during the chronic phase. For example, behavioral measures collected on day 7 pi (hind limb impairment and spontaneous locomotor activity) predicted the level of behavioral impairment during the chronic phase (hind limb impairment, foot print stride length, and spontaneous locomotor activity at day 136 pi, significant r values ranged from .33 to .72). Moreover, several physiological measures collected early in infection (IL-6 at day 9 pi, antibody to TMEV, MOG, and MBP at day 42 pi, and body weights) predicted the level of behavioral impairment during the chronic phase. Correlations were found for the onset of the chronic phase and the later time points. Together these data suggest that social conflict exacerbates acute phase symptomology, which in turn exacerbates the chronic phase of disease.
In summary, these findings suggest that exposure to social conflict prior to TMEV infection increases behavioral signs of sickness and motor impairment during the acute and chronic phase of TMEV infection. During acute infection, social conflict increases CNS inflammation and disrupts clearance of the virus from CNS. During late disease, social stress increases circulating levels of antibodies to myelin and TMEV, suggesting that stress also alters the autoimmune phase of disease.
The Role of IL-6 in Mediating the Adverse Effects of Social Conflict
Our more recent studies suggest that the deleterious effects of social conflict on TMEV infection may be mediated by the induction of cytokine expression (Meagher et al., 2006a (Meagher et al., , 2006b Meagher et al., in press ). Consistent with this hypothesis, our laboratory has previously observed elevated circulating levels of IL-6 in SDR mice following infection (R. R. Johnson et al., 2006) . IL-6 is a pro-inflammatory cytokine that centrally regulates acute phase immune, fever, and HPA-axis responses (Akira, Hirano, Taga, & Kishimoto, 1990) . Prior research suggests that IL-6 levels are elevated following SDR , Stark, Avitsur, Hunzeker, Padgett, & Sheridan, 2002 . For example, SDR has been show to enhance IL-6 responses in plasma and in lipopolysaccharide (LPS)-stimulated splenocytes. These observations are consistent with prior research indicating that circulating levels of IL-6 are increased in animal exposed to other stressors (Huang et al., 1997; Takaki et al., 1994; Zhou et al., 1993) and in humans suffering from major depression (Maes et al., 1997) . It is important to note that other work indicates that IL-6 levels are elevated in the CNS during TMEV infection , Palma, Kwon, Clipstone, & Kim, 2003 Theil, Tsunoda, Libbey, Derfuss, & Fujinami, 2000) . IL-6 has also been implicated in the pathogenesis of MS. Support for this view comes from studies indicating that IL-6 deficient mice do not develop EAE, an autoimmune model of MS mediated by Th1 cells (DeRijk et al., 2004; Mendel, Katz, Kozak, Ben-Nun, & Revel, 1998; Eugster, Frei, Kopf, Lassmann, & Fontana, 1998; Samoilova, Horton, Hilliard, Liu, & Chen, 1998) . Clinical studies also indicate that IL-6 is found in the lesions and cerebral spinal fluid of MS patients (Padberg et al., 1999; Schonrock, Gawlowski, & Bruck, 2000) .
Based on this set of findings, it seems plausible that social conflict-induced increases in central IL-6 prior to infection could enhance the IL-6 response to TMEV infection, thereby exacerbating TMEV-induced inflammation and behavioral signs of acute disease. This phenomenon has been observed in earlier studies where prior exposure to stress was found to enhance LPS-induced cytokine expression (ChancellorFreeland et al., 1995; J. D. Johnson et al., 2002; Persoons, Schornagel, Breve, Berkenbosch, & Kaal, 1995; Tilder & Schmidt, 1999; Zhu et al., 1995) . From this perspective, the increase in histological signs of CNS inflammation observed in mice exposed to social stress prior to TMEV infection may be attributable to the cross-sensitization of central pro-inflammatory cytokine activity. If SDR-induced increases in central IL-6 mediate the adverse effects of social conflict, then blocking the effects of IL-6 during the stress exposure period should prevent the exacerbation of acute disease.
Before we could test this hypothesis, it was important to determine whether social stress increases IL-6 expression in brain and blood during the stress exposure period. In addition, we needed to determine whether stress-induced increases in IL-6 could be blocked by central administration of a neutralizing antibody to IL-6. Thus, a verification study was conducted to evaluate these issues. Intracranial cannulae were implanted into the lateral ventrical to allow administration of the neutralizing antibody. Prior to each SDR session, mice received an injection of either a neutralizing antibody to IL-6 or an equivalent volume of vehicle. Thus, the central effects of stress-induced IL-6 were blocked during the entire week of SDR. After the last session, mice were sacrificed to measure IL-6 levels in brain and blood using an EnzymeLinked ImmunoSorbent Assay (ELISA). As expected, SDR increased IL-6 mRNA expression in brain and blood, and this effect is reversed by the IL-6 neutralizing antibody treatment.
Next, we conducted a prevention study to determine whether intracranial administration of the neutralizing antibody to IL-6 could reverse the adverse effects of social conflict on acute Theiler's virus infection (Meagher et al., 2006a (Meagher et al., , 2006b Meagher et al., in press ). Before each SDR session, mice in the social conflict or no-stress groups received either an intracranial injection of a neutralizing antibody to IL-6 or the vehicle. Following their last SDR session, the mice were infected with TMEV and monitored for the development of sickness behaviors, motor impairment, and physiological indicators. Table 2 provides a listing of these indicators and the pattern of results.
During the first 2 days pi we examined several measures of sickness behaviors. The sucrose preference task was used to measure anhedonia, or the loss of pleasure-seeking behavior that occurs during periods of stress or illness. In this test, mice are allowed to drink from two containers, one with tap water and the other with 2% sucrose water. As predicted, social stress caused a decrease in sucrose preference pi, and this effect was blocked by the IL-6 neutralizing antibody administered during the stress exposure period. In addition, infection caused a significant reduction in body weight that was reversed in the socially stressed mice treated with the IL-6 neutralizing antibody. Exploratory behavior was also reduced by infection, resulting in decreases in horizontal and center time behavior in an open field on days 1 and 2 pi. It is important to note that these infection-related decreases in exploratory behavior were exacerbated by social stress, and this effect was reversed by administration of the neutralizing antibody to IL-6 during the stress exposure period. Social stress also caused an increase in infection-related hypersensitivity to mechanical stimulation of the paw with von Frey filaments during the first 24 hr pi. This finding suggests that social conflict may be amplifying TMEVinduced allodynia, a phenomenon associated with hyperalgesia that refers to an increase in reactivity to a stimulus that is normally nonpainful. Again, this effect is reversed by IL-6 neutralizing antibody treatment, indicating that the stress-induced enhancement of allodynia is cytokine mediated.
We also assessed whether the IL-6 neutralizing antibody would block the adverse effects of social conflict on motor function through day 21 pi by assessing hind limb impairment, reactivity to mechanical stimulation, stride length, and locomotor activity. As expected, social stress increased TMEV-induced hind limb impairment while decreasing stride length and locomotor activity. Social conflict also led to higher paw withdrawal thresholds to mechanical stimulation (von Frey) on day 14 and 20 pi, which may reflect impairment in either motor or sensory function. On all measures, the deleterious effects of social conflict on motor function were reversed by administration of the IL-6 neutralizing antibody during the stress exposure period.
In addition, the IL-6 neutralizing antibody reversed the adverse effects of social conflict on several physiological measures of disease. Social conflict was found to increase spleen weights and reduce thymus weights, both signs of altered immunity. This effect was reversed by administration of a neutralizing antibody to IL-6 during the stress exposure period. Consistent with prior studies, social conflict disrupted the normal process of viral clearance in spinal cord and brain. The nonstressed mice cleared the virus by day 21 pi, whereas the socially stressed vehicle treated mice failed to clear the virus. Again, this effect of social conflict was reversed by IL-6 neutralizing antibody treatment during the stress exposure period. As expected, social conflict increased infection-related inflammation in spinal cord and brain at day 7 and 21 pi. This stress-induced increase in CNS inflammation was prevented by IL-6 neutralizing antibody treatment.
Taken together, these findings suggest that SDR-induced increases in central IL-6 contribute to the adverse effects of social stress during acute TMEV infection. It must be acknowledged, however, that only a partial reversal was observed on some behavioral measures in the SDR mice treated with the IL-6 antibody. Partial reversal suggests that social stress may increase the central expression of other pro-inflammatory cytokines, such as tumor necrosis factoralpha (TNF-±) and IL-1ß. Therefore, we are currently investigating whether the adverse effects of social stress on acute TMEV infection also depend on the release of TNF-± PLS CONFIRM THIS IS CORRECT? and IL-1ß in CNS. 
POTENTIAL IMPLICATIONS FOR HUMAN INFECTIOUS AND AUTOIMMUNE DISEASE
The current findings may have implications for understanding the biobehavioral mechanisms mediating the adverse health effects of social conflict in domestic violence situations. Similar to mice exposed to repeated social defeat by an aggressive male intruder, victims of domestic violence are likely to experience high levels of stress and consequent dysregulation of the immune system, thereby increasing vulnerability to infectious and autoimmune disease. In cases of infectious and autoimmune diseases of the CNS, domestic violence may exacerbate disease by creating a pro-inflammatory environment in the brain that increases infection-related sickness behaviors and motor impairments. This pro-inflammatory environment may also disrupt antiviral mechanisms, resulting in a disruption of viral clearance from the CNS and increased signs of encephalitis. The cytokine response to viral infection appears to play a key role in the development of subsequent autoimmune responses. Thus, stressinduced increases in central pro-inflammatory cytokine production during early infection may exacerbate the development of the later autoimmune demyelinating phase of disease.
Our work also suggests that the adverse effects of social conflict on disease vulnerability in humans may be prevented or reversed by interventions capable of blocking stress-induced increases in pro-inflammatory cytokine expression. Although additional research will be needed to determine whether this strategy can be safely and effectively implemented in humans exposed to violence and trauma, it is possible that the negative health effects of social conflict may be prevented or reversed by a range of anti-inflammatory interventions. For example, minocycline is an anti-inflammatory drug that has been shown to inhibit the production of cytokines by glial cells in the CNS. Minocycline is a derivative of tetracycline that readily penetrates the CNS when administered peripherally, and it is approved by the U.S. Food and Drug Administration for treatment of other medical conditions in humans. Other inter ventions that have been shown to decrease the expression of pro-inflammatory cytokines should also be investigated, including exercise, antidepressant medication, omega 3 fatty acids, and mindfulness relaxation training (Carlson, Speca, Patel, & Goodey, 2003; Gielen et al., 2003; Kenis & Maes, 2002; Simopoulos, 2002) .
Although the current findings suggest that social conflict increases disease vulnerability in male mice, it remains uncertain whether similar effects will be observed in females. This is problematic because sex is known to influence the prevalence, etiology, and response to treatment for stress-related disorders (Earls, 1987) . Moreover, autoimmune diseases are more prevalent in women (Whitacre, 2001; Whitacre, Reingold, O'Looney, & Task Force on Gender, 1999) , and women tend to be the target of domestic violence (J. C. Campbell, 2002) . Thus, it will be important to develop a social conflict model in female rodents to examine the generality of our findings.
GENERAL CONCLUSIONS
A growing body of evidence suggests that two environmental factors, viral infection and stress, may contribute to the development of MS in genetically susceptible humans and animals. Epidemiological studies indicate that MS is triggered by viral infection. Evidence for a relationship between stressful life events and MS exacerbation is also mounting, including longitudinal studies indicating that naturally occurring stressors predict the occurrence of new lesions. However, these human studies are limited because the association between stress and disease exacerbation may be attributable to a spurious third variable that influences stress and disease. To determine whether there is a causal relationship between stress and viral infection in MS, animal experiments are essential. Using this approach, we have shown that social conflict interacts with TMEV infection to determine the severity of behavioral impairment and CNS inflammation. We have begun to examine the underlying endocrine and immune mechanisms whereby social conflict exacerbates CNS inflammation and disease course, including the induction of GC resistance and crosssensitization of central pro-inflammatory cytokine activity (IL-6).
Exposure to social conflict prior to TMEV infection resulted in more severe manifestations of acute and chronic disease in mice. This finding may have important implications for understanding disease vulnerability in humans. We propose that exposure to social conflict prior to infection may result in increased CNS inflammation and dysregulation of the early immune response to infection. The induction of GC resistance and the sensitization of central pro-inflammatory cytokine expression by social conflict may contribute to the dysregulation central inflammatory responses during early infection. Because early immune responses shape the specific immune response to infection, dysregulation of this response may contribute to the failure to eliminate the pathogen and exacerbation of acute infection. We hypothesize that the establishment of a persistent infection, combined with a heightened inflammatory environment in the CNS, may contribute to the development of autoimmune diseases such as MS. To test this hypothesis, future research will need to examine whether social stress-induced GC resistance and central sensitization of IL-6 expression will have cascading effects that increase the severity of the demyelinating phase of disease.
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IMPLICATIONS FOR PRACTICE, POLICY, AND RESEARCH
• Animal models can be used to investigate the effects of social conflict on vulnerability to infectious and autoimmune disease. These studies can be used to elucidate the biobehavioral mechanisms mediating the negative health effects of social conflict, which may increase our understanding of how social conflict and domestic violence increases vulnerability to infectious and autoimmune diseases in humans.
• The current findings suggest that the adverse effects of social conflict on disease vulnerability may be prevented by interventions designed to block stressinduced increases in pro-inflammatory cytokine expression. Thus, similar interventions may prevent the health compromising effects of social conflict in humans.
• Additional research is needed to determine whether this prevention strategy can be safely and effectively implemented in humans exposed to social conflict.
• If similar results are obtained with humans exposed to violence and abuse, interventions designed to block stress-induced increases in pro-inflammatory cytokine expression could be used to prevent some of the negative health effects associated with domestic violence and traumatic stress. 
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